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Energy is a fundamental driving force for human society. Along with the 
improvement of people’s living standards, our demand for energy is constantly 
increasing in terms of not only quantity but also quality. People desire increasingly 
larger share of clean energy resources, and more higher efficiency technologies and 
systems. We are facing significant challenges to achieve sustainable economic and 
social development with the current use of energy. The production and utilization of 
energy is one of the major reasons that cause environmental pollution. Therefore, how 
to make rational use of energy resources under the constraints of supply limitations and 
environmental requirements is the key to a sustainable developing strategy. In order to 
make more efficient uses of energy, it is important to conduct extensive R&D for 
energy resources and energy conversion systems. 
The supercritical carbon dioxide Brayton cycle (S-CO2), which is proposed by 
"Gen IV International Forum" as an innovative energy conversion system for the 
fourth-generation nuclear reactors, has many advantages including higher energy 
conversion efficiency, better safety and more compact system structure, etc. Currently 
this technology is still in the R&D stage but will soon be taken into a next-step 
demonstration. It is therefore of great importance to model, analyze and optimize the 
system, as well as to evaluate its technology readiness in order to identify and resolve 
the related technical and engineering bottlenecks. 
This study aims to make a thorough investigation of the supercritical carbon 
dioxide Brayton cycle and its various applications. System models are established to 
determine the parametric effects and to optimize parameters. The Technology 
















assessment of the supercritical carbon dioxide Brayton cycle technology in engineering 
application is carried out. The main contents of this thesis are as follows: 
In Chapter 1, the motivation of this research, the background, current status and 
potential utilizations of supercritical carbon dioxide Brayton cycle for the 
fourth-generation reactors, as well as the research background and status of Technology 
Readiness Assessment are reviewed. 
In Chapter 2, the balance equations of the supercritical carbon dioxide Brayton 
cycle are deduced, and the model is established and used for a parametric analysis. 
Results of the numerical simulation are validated with the reported data from the U.S. 
Sandia National Laboratory and Argonne National Laboratory. 
In Chapter 3, the effect of compression ratio, flow separation fraction and reactor 
core outlet temperature on the system efficiency of the supercritical carbon dioxide 
Brayton cycle are investigated. Operating parameters have been optimized through 
parametric analysis. 
In Chapter 4, the theories and methods of Technology Readiness Assessment are 
established. The platform structure is designed and then developed into an 
internet-based software system for the use of Technology Readiness Assessment. 
In Chapter 5, the Technology Readiness Level of the supercritical carbon dioxide 
Brayton cycle is evaluated. Firstly, the Work Breakdown Structure (WBS) is 
established to analyze and identify the critical technology elements, which are 
discussed in detail to determine the readiness levels of the S-CO2 Brayton system. Then 
a system concept combining a S-CO2 Brayton cycle with biomass gasification fuel cell 
(BGFC) system is proposed to evaluate its potential applications in other areas. 
In Chapter 6, the major conclusions and existing problems of this study are 
summarized. Ideas for further research are proposed as well. 
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developed and simulated in the current study. The optimal values of key parameters 
have been determined through parametric analysis, which will provide guidance for the 
practical development of this technology and reduce the time and costs needed for 
experimental testing. It is also expected that this study can promote further R&Ds of 
this new technology. Additionally, the theories and approaches of Technology 
Readiness Assessment have been studied and applied in the current research. The 
software platform of Technology Readiness Assessment has been developed and 
established specifically. To systematically evaluate the technical readiness level of the 
supercritical carbon dioxide Brayton cycle, a Work Breakdown Structure has been 
constructed for the identification of critical technology elements. This assessment is 
expected to be able to assist the guidance and management of the technology R&Ds. 
In summary, the combination of system modeling and optimization with 
Technology Readiness Assessment may effectively promote the research and 
development of the energy conversion system for Gen IV reactors, i.e., the supercritical 
carbon dioxide Brayton cycle technology. In the present study, the systems approach 
and tools for research, optimization, development and assessment have been 
investigated and implemented. This work is expected to provide some theoretical and 
practical guidance for other R&Ds of important innovative technologies. 
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